INTRODUCTION
The National Stream Quality Accounting Network (NASQAN) is currently a set of 517 stations at which a large number of water-quality characteristics of rivers are measured regularly. The major objectives of this U.S. Geological Survey program are (1) to account for the quantity and quality of water moving within and from the United States; (2) to depict the areal variability of stream quality; (3) to depict the temporal variability of stream quality; and (4) to detect long-term trends in stream quality.
The need for a national program such as NASQAN was discussed by Wolman (1971) who, in an assessment of the state of the nation's rivers, noted that data suitable for determining long-term trends in stream quality were relatively sparse. Wolman pointed out some of the problems in the statistical analysis of existing stream-quality data: (1) existing records were short; (2) frequency, location or measurement methods have changed; (3) important correlative data such as streamflow, temperature, and conductivity was not always collected when chemical or biological analyses were made; and (4) the sampling plan was not adequate to characterize the temporal variability of stream quality. Enviro Control (1972) , and Steele and others (1974) , noted a regional imbalance in the number of long-term stations (more in the northeastern and northwestern regions, fewer in the northcentral and southeastern regions). NASQAN was instituted as a Geological Survey program in 1972 as a response to these problems. The number of stations has grown over the succeeding years from 50 stations in January 1973 to 345 in September 1975 September to 517 in 1980 . The NASQAN data collection schedule is given in table 1. The use of a fixed-sampling schedule (rather than one that is governed by hydrologic conditions) makes NASQAN particularly suited to the depiction of variability and the detection of trends. The stations are located predominately on large rivers, but are not specifically chosen to monitor conditions in known problem areas; other networks exist for this purpose. (Monitoring specific problem areas requires individually designed monitoring plans.) It provides a large and diverse data base to be queried as new scientific or national policy questions arise.
This report dealing with total phosphorus is an attempt to compile a national summary of stream-quality trends using NASQAN data. The intent of this report is to demonstrate methods to (1) identify individual stations at which long-term trends in phosphorus concentration or transport may be occurring; and (2) summarize these trends regionally and nationally. Trend is taken to mean systematic monotonic change in the data over time (that is, correlation with time). It is the authors' hope that this work will interest other investigators in searching for causes or explanations of the individual station, regional, and national results presented here.
PHOSPHORUS DATA

Total Phosphorus Measurements
Total phosphorus measurements in the NASQAN program are made with whole water samples and thus include all forms of phosphorus suspended, dissolved, [ajor n u t r i e n t s (total and d i s s o l v e d ) _ _ ( P h o s p h o r u s , ni t r i t e plus ni t r at e, K. r ace e l e me n t s S."E "E u U «1 > E .2 o P h y t o p l a n k t o n , total, cel l s / mL _ _ _ _ P h y t o p l a n k t o n , i d e n t i f i c a t i o n of thr P h y t o p l a n k t o n , t hree c o d o mi n a n t s , P e r i p h y t o n , bi oma s s , dry wei ght g/ Pe r i p h y t o n , bi oma s s , ash wei ght g/ P e r i p h y t o n , 
. organic, and inorganic. The phosphomolybdate method following acid digestion (Skougstad and others, 1979) is used in laboratory analysis. The detection limit is 0.01 mg/L as phosphorus.
Significance of Phosphorus in Natural Waters
Phosphorus in streams is contributed from a number of sources, both cultural and natural. Some of the more important of these are breakdown and erosion of phosphorus-bearing minerals in the soil, decaying plant and animal material, agricultural and domestic fertilizers, synthetic detergents, treated sewage effluents, and leaking septic systems. In streams carrying large sediment loads, total phosphorus concentrations are often positively correlated with suspended solids concentrations, due to the tendency for inorganic phosphorus to adsorb to sediment particles.
Concern for the level of phosphorus in streams is based primarily on the role of phosphorus in promoting eutrophication. Of the major nutrients, phosphorus is the one most frequently found to be limiting to plant growth in nonmarine waters. Phytoplankton densities in lakes, for example, have been shown to be predictable on the basis of total phosphorus loads of tributary streams (Sakamoto, 1966; Dillon and Rigler, 1974) .
Phosphorus Standards
Despite the strong correlation between total phosphorus concentration and eutrophication, there is no widespread agreement on acceptable levels of total phosphorus in streams, due largely to the absence of universal standards on what constitutes eutrophic conditions. The U.S. Environmental Protection Agency "Quality Criteria for Water" (1976) suggests 0.05 mg/L as an upper limit on total phosphorus in lake tributaries, and 0.1 mg/L as an upper limit for preventing nuisance growths in streams not flowing directly into lakes.
The Data Set
The data used in this study are a subset of the available NASQAN total phosphorus data. They consist of data collected in the years 1972 thru 1979 from stations in operation from 1975 thru 1979. The 308 stations meeting this criterion are listed in table A in appendix A. The locations of these stations in the 48 conterminous States are shown in figure 1.
A total of 303 stations had records with at least 24 observations and were used in trend testing (see below).
Phosphorus is sampled monthly at most NASQAN stations. The test applied is designed for time series of monthly values (with possible missing values), observations in excess of one each month were ignored. When more than one observation was available in a month, the earliest observation with a companion discharge value was used; lacking any discharge data, the earliest observation was used. For each observation for which both constituent and discharge values were available, a transport rate in tons per day was computed as the product of the concentration and the discharge and multiplied by 0.002697 to express transport in units of tons per day.
There is a dilemma in deciding how long a record to use in trend testing. A trend which now exists may have existed for only a few years and may even be a reversal of a previous trend. The use of a long record tends to mask a current trend. On the other hand, a very short record may not contain enough data to distinguish a trend from natural variability in the data. The above criteria for selecting data represent a reasonable but arbitrary choice of record length for trend testing.
METHODS
Trend Detection: Existing Problems
Simply put, hypothesis testing for trend detection consists of the following steps:
a. State the null hypothesis and background assumptions for the test (an example of a null hypothesis might be: the random variable and its time of observation are independent. An example of background assumptions could be that the random variable is serially independent and normally distributed); b. Calculate an appropriate test statistic from the data; c. Interpret the value of the statistic in light of the known probability distribution of the statistic; d. If the value of the test statistic is within preselected limits on the distribution, accept the null hypothesis; or, e. If the value of the test statistic is outside the preselected limits, the null hypothesis cannot be accepted and a "statistically significant trend" is claimed. The limits are calculated from a preselected probability typically denoted by the Greek letter alpha (a) such that the probability that the test statistic would fall outside the limits is a if the null hypothesis and all background assumptions were true. A typical value selected for a is 0.1. Then one may say that a trend is, or is not, statistically significant at the 10 percent level. That is, in 90 percent of the cases, one will correctly say there is no trend when such is true. One may also report test results by a probability value (denoted p). This is the probability that the test statistic would depart from its expectation by at least the observed amount, under the null hypothesis. For a hypothesis test to be valid, the probability distribution of the test statistic must be known. Rarely, however, is the distribution known in practice. The real world rarely behaves as nicely as statistical textbooks would have it. The underlying random mechanism of a natural phenomenon is largely unknowable and yet it is necessary to have some information (not necessarily a complete specification) on the mechanism in order to know the probability distribution of the test statistic. And even if one could know that the mechanism is of a particular type, arriving at the distribution of the test statistic analytically may be very difficult, if not impossible. One may select a test which is very powerful under certain very restrictive assumptions or a test which is slightly less powerful under those assumptions, but corresponds better to our fuzzy understanding of the world. A major goal of this study is to demonstrate a straightforward test which maintains a good ability to detect trends under a wide range of anticipated conditions.
One common test for trend is based on linear regression of the variable of interest against time. The null hypothesis is that the variable and time are uncorrelated, and the background assumptions are that the data are normal, independent, and identically distributed in time. If the slope of the regression equation is found to be statistically significant, a trend is claimed. Unfortunately, several of the assumptions underlying the derivation of the necessary probability distribution to test for significance are violated by natural data such as we are considering here. In general, water-quality data have seasonality, are skewed, and are serially correlated. These features contradict the assumptions of stationarity, normality, and independence of the random variable (the water-quality variable) required for computing the probability distribution of the test statistic in the regression test for trend. The seasonality inflates the variance used in the t -tests, the skewness increases the standard error in the estimated slope, and the serial correlation raises the actual a level relative to the selected a level. Any one of these defects may be sufficient to render the test invalid, especially since the amount by which they are present and therefore, the amount by which the test is being distorted cannot be known.
The same or similar objections can be raised against virtually every test for trend when applied to almost any water-quality variable. Attempts have been made to alter (transform) the data to remove or reduce the undesirable features. To remove seasonality, one might fit a sine curve to the data (Steele and others, 1974) and use the deviations from the curve as the random variable to be tested. But with the exception of a few variables such as water temperature, there is little reason to believe that the form of seasonality is a pure sine curve. The extent to which the cure works is largely unknowable. To eliminate skewness, one might use the logarithms of the data. Again, the extent to which this is proper is only a guess. Compensating for serial correlation is at best an art. Trying to do all three is extremely difficult, if not impossible. What is needed is a test that is largely unaffected by the three above-mentioned characteristics of the data. That is, the distribution of the test statistic is influenced little by these three characteristics of the data.
The Seasonal Kendall Test
Statistical tests may be classified as classical or distribution-free (Bradley, 1968) . Classical tests, such as those used in regression, require the estimation of one or more parameters (for example, the slope of the regression line) based on the observed values of the variable and the distribution of the test statistic under the null hypothesis follows from an assumption about the underlying probability distribution of the random variable.
Distribution-free tests typically ignore the magnitudes of the data in favor of the relative values or ranks of the data. The major advantage of distribution-free tests is that the underlying probability distribution of the random variable is immaterial. In fact, any strictly increasing monotonic transformation such as taking logarithms changes the values of the data, but does not affect the relative rankings. However, because the magnitudes are ignored, the test provides only a yes-or-no, not a how-much, answer.
The distribution-free test which serves as the basis for trend testing in this study is KendalFs Tau (Kendall, 1975) . The null hypothesis for this test is that the random variable is independent of time. The only necessary background assumption is that the random variable is independent and identically distributed (with any distribution). In this test, all possible pairs of data values are compared; if the later value (in time) is higher, a plus is scored; if the later value is lower, a minus is scored. If there is no trend in the data, the odds are 50-50 that a value is higher (or lower) than one of its predecessors. In the absence of a trend, the number of pluses should be about the same as the number of minuses. If, however, there are many more pluses than minuses, the values later in the series are more frequently higher than those earlier in the series, and so an uptrend is likely. Similarly, if there are many more minuses than pluses, a downtrend is likely.
As discussed above, the one common pattern to water-quality variables is that they have a period of one year (other periodicities may exist). Comparing, for example, a January value with a May value does not contribute any information about the existence of a trend, if a seasonal cycle of a 1-year period exists. Thus, we define the Seasonal Kendall test to be the Kendall's Tau test restricted to those pairs of data which are multiples of 12 months apart. Since comparisons are made only between data from the same month of the year, the problem of seasonality is avoided. Thus, the background assumptions given above are relaxed. The random variable may be nonidentically distributed, provided that the distributions 12 months apart are identical. A complete specification of the Seasonal Kendall test is given in appendix B. Its derivation is given by Hirsch and others (1982) .
When all of the assumptions for the regression test are met, the regression test is the most powerful test for linear trend (Kendall and Stuart, 1973, p. 499) . The Seasonal Kendall test is shown to be almost as powerful, based on a series of tests using generated random numbers (Hirsch and others, 1982) . When skewness or seasonality were introduced in the experiments, the Seasonal Kendall test performed better than the test based on linear regression; and when serial correlation was introduced, its effect on the Seasonal Kendall test was no more severe than its effect on linear regression. In particular, where the generating process has serial dependence, the probability of obtaining a positive test for trend, when the process is not changing over time, is higher than the preselected probability, a.
The Seasonal Kendall Slope Estimator
In addition to indicating whether a trend exists, it may be desirable to estimate the magnitude of such a trend. This magnitude is expressed here as a slope (value per unit time), although this does not imply that a linear trend is assumed. As a companion to the Seasonal Kendall test, we define the Seasonal Kendall Slope Estimator (Hirsch and others, 1982) to be the median of the differences (expressed as slopes) of the ordered pairs of data values that are compared in the Seasonal Kendall test. Instead of recording a plus or minus for each comparison, one simply records the difference divided by the number of years separating the data points. The median of these differences is taken to be the change per year due to the trend. In particular, if the linear function of time with this slope is subtracted from each data value, a subsequent application of the Seasonal Kendall Slope Estimator to the (residual) series will yield the "perfect" no-trend result of zero slope. A demonstration of this is shown in appendix B.
Flow-Adjustment Procedure
It is well known that in many streams, total phosphorus concentrations are related to stream discharge (Hobbie and Likens, 1973; Borman and others, 1974; or Reckhow, 1978) . This relationship can be rather complex in some streams. At base flow conditions, much of the phosphorus may be from point-source loadings. Thus, any decrease in flow would tend to be accompanied by increases in concentration. On the other hand, the occurrence of a large rainstorm over the drainage basin may cause the erosion and transport of substantial amounts of organic material and soil particles which carry considerable phosphorus. Thus, increases in flow may bring about increased phosphorus concentrations. Depending on the relative importance of these two processes (dilution and erosion), the slope of the relationship of discharge and phosphorus concentration may be negative, positive, or perhaps both (as in a parabola). Figures 2A and 2B provide examples of these relationships. The Klamath River of California ( fig. 2A ) is a stream with relatively high sediment concentrations. In this instance, the importance of soil erosion and transport as a contributor to phosphorus concentration is paramount. In contrast, the Black River in South Carolina ( fig. 2B ) has much lower sediment concentrations and exhibits a pattern typical of dilution. Whichever type of relationship exists, it is clear that the understanding of this relationship is vital to the analysis and interpretation of stream quality.
Consider, for example, a stream where the discharge versus phosphorus concentration relationship is positive (dominated by soil erosion and transport) and that during the earlier years of record there was a prolonged drought and in the later years, a prolonged period of wet weather. Here, one would expect to find an upward trend in phosphorus concentration. Assuming further that there have been no changes in land-use practices (no change in soil erosion, pollution mitigation practices, or fertilizer applications), one would then expect a return to more normal phosphorus concentrations when the wet weather period ends.
Thus, one may want not only to identify trends in concentration or transport, but also to determine if there is a change in the processes that cause phosphorus to enter the stream. Such processes may include: point-source loading rates, methods and amounts of phosphorus fertilizer applications, erosion-control measures in agriculture, silviculture or construction, or rates of forest harvesting, to name a few possibilities.
The approach used here to identify such process trends is to develop a time series of flow-adjusted concentrations (FAC) and test this time series for trend. This technique is generally referred to as residual analysis. each stream, the relationship between discharge and phosphorus concentration is estimated and used to provide a conditional expected value of concentration for every flow value. We define FAC as the actual concentration minus the estimated conditional expected concentration. If the process has not changed over the period of record, then one would expect the FAC values to fluctuate randomly about zero over the period of record. If there has been a change during the period of record, say a major new source (or elimination of a source) of phosphorus in the river basin, then one would expect to see an upward (or downward) trend in FAC with a preponderance of negative (or positive) values at the beginning and positive (or negative) values at the end.
In summary, trends in concentration or transport may arise either as a consequence of the particular sequence of flow conditions sampled or as a consequence of some change in the processes which supply phosphorus to the stream (or some combination of the two). The analysis of trends in FAC is an attempt to identify only those stations where some process (source) change has occurred.
The relationship between discharge and concentration is expressed in this study as a flow-adjustment equation of the form:
( 1) where C is the estimated concentration, Q is the instantaneous discharge, and/((?) may have one of the following forms:
*where ft is a positive constant.
The function (2c) was introduced by Johnson and others (1969) specifically for describing the behavior of the dissolved major ion species. It is included here, along with the other more common model forms 2a, 2b, and 2d, because of its considerable flexibility and demonstrated usefulness with many constituents.
The choice of the particular functional form and the estimation of the coefficients a, b, and ft (where needed) was carried out in the following fashion for each of the 289 stations at which there were more than 24 pairs of total phosphorus concentration and concurrent instantaneous discharge values:
1. Using linear regression (LR), estimate the coefficients a and bofC = a+bQ, and compute R 2 and p. R 2 is the fraction of the variance explained and p is the probability of erroneously rejecting the null hypothesis (that b=o). 2. Using LR, estimate the coefficient a and b of C = a+b \n(Q) and compute R 2 and p. 3. Determine the average Q value, Q. 4. Find the integer part (characteristic) of Iog 10 Q call it ft*. 5. Set/3=Kr 2-5 **. 6. Using LR, estimate the coefficient a and b in los and compute R 2 and p. C = a +b 1. Increment the value of ft by multiplying by 1005 8. If ft= lO 1 -5 ""*, go to step 9. If not, go to step 6. 9. Using LR, estimate the coefficient a and b of C = a+b and compute R 2 and p.
10. At this point, 1 1 regression equations have been estimated. The one with the highest R 2 value will be used to perform the flow adjustment.
If all 11 relationships are very poor (p> 0.10) or if fewer than 24 discharge values were available, then the flowadjustment equation is: C = C where C is the average concentration. Figures 3A and 3B show some examples of these fitted relationships.
The time series of FAC values is computed for every station. It should be noted that the number of FAC values will be less than the number of concentration values, if some discharge values are missing.
RESULTS AND DISCUSSION
Statistics Reported
Summary statistics derived from the data are displayed in table A in appendix A. The mean concentrations of total phosphorus are expressed in mg/L. The values shown are the arithmetic averages of the observations for each station. Because no adjustment was made for months without a value, the mean for a station with missing values is not a time-weighted mean, but simply a sample mean. Mean concentrations are displayed graphically on the map in figure 4 . The mean of the discharge observations used in cubic feet per second is also listed in table A. The average of these transport values is listed in table A for each station and displayed on the map in figure 5 . A discharge weighted mean concentration can be calculated by dividing the mean transport by the mean discharge and multiplying the product by 370.78 to express the concentration in mg/L. 
Mean Concentrations
As indicated by the map in figure 4 , mean concentrations of total P display wide geographic variation. western Florida near major deposits of phosphate rock. In much of the Midwest, and in agricultural areas in general, concentrations typically fall in the range of 0.1 to 1.0 mg/L. Mean concentrations less than 0.1 mg/L are largely restricted to forested and remote basins.
Mean Transport Levels
The geographic distribution of total phosphorus transport is notably different from the geographic distribution of mean concentration and provides a much clearer picture of phosphorus loading rates. Transport is highest in regions of high precipitation including the Great Lakes, Susquehanna, Ohio, and Columbia basins where concentrations are low to moderate, and is low in the Southwest where concentrations are highest. Since wet, high runoff regions of the country also correspond to a large degree with levels of agricultural and industrial activity, the geographic pattern in phosphorus transport is not surprising.
A further pattern observable in figure 5 is the tendency for total phosphorus transport to increase progressively along the course of the major drainage systems. The pattern is evidence that total phosphorus transport is relatively conservative, despite the biological activity of dissolved forms and the tendency for phosphorus to adsorb to sediment particles.
Concentration-Flow Relationship
Of 289 regressions between total phosphorus concentration and streamflow, 204 gave "significant" results based on the criterion /><0.1, and, of these, 158 regressions were found to be "highly significant" based on the criterion /><0.01 ( fig. 6 ). Of the 204 "significant" regressions, the best functional forms were linear in 41 cases, logarithmic in 8 cases, hyperbolic in 127 cases, and inverse in 28 cases. The choice of significance criteria is admittedly somewhat arbitrary. Nevertheless, some decision must be made on when regressions are strong enough to warrant further consideration. In cases where p was greater than 0.1, regression results were not used to make flow adjustments for trend analyses.
One particularly interesting feature of figure 6 is the occurrence of significant positive as well as significant negative correlations between flow and concentration at NASQAN stations. In 147 cases, the slope of the discharge versus total phosphorus concentration relationship was positive, indicating that erosion and transport of total phosphorus at high flows was the dominant process. In 57 cases, the slope was negative, indicating that dilution (of point-source contributions or of subsurface dissolved phosphorus sources) was the dominant process. Many of the stations immediately below large reservoirs show poor (/>>0.10) relationships because the discharge is, in large part, the consequence of a human decision which would generally not be related to the reservoir phosphorus concentration. Nationwide, negative relationships between total phosphorus and flow occur far less frequently than do positive relationships, and appear to be limited to forested basins along the East Coast, in the Great Lakes drainage, and in California.
While regression p values provide an appropriate basis for deciding when to make adjustments for flow dependence, a measure of the predictability of concentration on the basis of flow is given by the proportion of variance explained, or R 2. Of 289 regressions, approximately one-third had jR 2 values greater than 0.25. Figure 
Results of Trend Procedures
Figures 8, 9, and 10 provide the salient features of the results of the Seasonal Kendall procedures for concentration, transport, and FAC for the 48 conterminous States. The results are summarized in tabular form in tables 2 and 3. The first of these takes a=0.10 as indicative of a significant trend and the latter takes a=0.01 as indicative of a significant trend. Using either of these trend criteria, the proportion of stations exhibiting significant trends was substantially more than a, the proportion that would be expected to show trends by chance alone. The expected proportion of stations showing trend by chance alone is not affected by the existence of spatial dependence. It should be recognized that the null hypothesis subsumes the condition that the data be serially independent. It is known that the data are not independent, but the estimation of the pattern of serial dependence (correlogram) is made difficult by the seasonality and skewness of the data, by the shortness of the records, and by the possibility that process changes have, in fact, occurred during the period of record. Paradoxically, one must know about the serial correlations to perform a trend test that compensates properly for correlation, and it is necessary to know about the trend in order to estimate the serial correlation. Understanding the serial correlation structure of total phosphorus data (indeed of all water-quality data) is an important area for research. It may be that a good deal of the correlation in concentration or transport data arises from the serial correlation of the discharges. Thus, the trend tests on FAC may be less prone to identifying trends where serial correlation or long-term persistence, rather than underlying changes, have given the concentration or transport data the appearance of a trend.
Consider, for example, the trend tests on the three time-series (concentration, transport, and FAC) for the Klamath River near Klamath, California (station number 11530500, drainage area 12,100 square miles). Figure 11A shows the record of total phosphorus concentrations. The average concentration of total phosphorus was 0.12 mg/L and the standard deviation was 0.17 mg/L. The trend test indicates a highly significant (p =0.006) downward trend. The slope estimate is 0.005 mg/L per year or 4.1 percent of the mean per year. The time series shows a high degree of seasonality with concentration at its maximum in the winter (coincident with maximum discharge). The transport record is shown in figure 11B . The average is 19.4 tons per day and the standard deviation is 73.8 tons per day. The transport data also shows a downward trend(/> =0.015) with a slope estimate of 0.071 tons per day per year or 0.4 percent of the mean per year. The relationship between flow and total phosphorus concentration is shown in figure 3A . The relationship is a strong one (/? 2 =0.84) and the slope is positive. The downtrends in concentration and transport could therefore be an artifact of the pattern of discharges observed. In fact, all of the five highest flows observed occurred in the first 3 years of the 8-year record. The time series of flow-adjusted concentrations are shown in figure 11C . The average FAC is 0.0 mg/L (by design) and the standard deviation is 0.07 mg/L.
The analysis does not indicate any trend in the FAC data (p =0.434), the slope is estimated at only 0.002 mg/L per year or 1.6 percent of the mean concentration per year. This suggests that the trends in concentration and transport were indeed artifacts of the 1972 ' 19~73 ' 1974 ' 1975 ' 1976 ' 1977 1978 1979 Figure 11C . Flow-adjusted concentration, Klamath River near Klamath, California. Consider another example, the Republican River at Clay Center, Kansas (station number 6856600, drainage area 24,542 square miles). The record of total phosphorus concentration is shown in figure 12A . The average concentration is 0.39 mg/L and the standard deviation is 0.24 mg/L. The analysis does not indicate the existence of a trend (p =0.590) and the slope estimate is only 0.006 mg/L per year or 1.5 percent of the mean per year. The transport record is shown in figure 12B . The average transport rate is 1.16 tons per day and the standard deviation is 2.35 tons per day. There is a highly significant trend in transport (p =0.007). The slope estimate is 0.054 tons per day per year or 4.7 percent of the mean per year. Examining the discharge record suggests that this apparent trend may be a consequence of a preponderance of high discharges in the first 1 V_ years of the 7 year record. The relationship between discharge and concentration is shown in figure 12C . The relationship is a positive one and this means that the effect of these higher flows would be more pronounced in the transport record than in the concentration record. The FAC record is shown in figure 12D . Its average is zero and standard deviation is 0.18 mg/L. The FAC data shows a highly significant (p= 0.005) upward trend with an estimated slope of 0.022 mg/L per year or 5.6 percent of the mean concentration per year. This suggests that some change has taken place, resulting in greater inputs of phosphorus to the river, but that flow conditions over the record have masked the effect of this change.
These two examples show some of the possible types of results that arise. In any given case, the insights on stream quality are enhanced by considering all three trend analyses together. They will never reveal the cause of a change in stream quality, but they can lead to improved understanding of the kinds of causes to look for. Taken alone, they represent three diverse approaches to evaluating stream quality. Trends in concentration indicate what has happened over the period of record to the quality of water flowing in the river. Trends in transport indicate what changes have occurred in the flux of substances through the river system, suggesting what might be happening to the rates of output from various sources of phosphorus. Trends in FAC indicate that changes have occurred in the processes that deliver phosphorus to the river. Table 4 provides a comparison of the results of the tests for trend in concentration, transport, and FAC. It shows the number of stations at which any two of the three tests are in agreement and the numbers of each type of disagreement between them. For example, of 57 stations with downward trends in concentration, 1 had an upward trend in transport and 21 had no trend in transport.
Nationwide Summary
Several geographic patterns emerge in the occurrence of significant trends in total phosphorus (figs. 8, 9, and 10). "Highly significant" increasing trends in concentration ( fig. 8 ), for example, seem to occupy an identifiable region extending from the Midwest to the Southeast, including stations in Nebraska, Kansas, Oklahoma, Texas, 1973 ' 1974 ' 1975 ' 1976 "" 1977 ' 1978 ' 1979 TIME, IN YEflRS Figure 12B . Total phosphorus transport, Republican River at Clay Center, Kansas. Figure 12D . Flow-adjusted concentration of total phosphorus, Republican River at Louisiana, and Florida. This same pattern becomes even more accentuated in the map of flow-adjusted trends in concentration ( fig. 10) , and expands to include stations in Colorado, Missouri, Michigan, Tennessee, and South Carolina, in addition to those named above. In contrast, a large majority of the "highly significant" downward trends in FAC occur outside the region described above, in States to the west, north, and northeast of those named.
Notwithstanding the pattern in trends in phosphorus concentration, trends in phosphorus transport are downward in the large majority of cases showing trend (30 out of a total 37 stations). The major regional exception to this pattern seems to be a group of stations in Arizona and southern California which show uptrends in phosphorus transport.
Explanations for the occurrence of trends and for observable geographic patterns in trends are not readily apparent and are outside the scope of this paper. A few points are worth making, however. In the case of many of the stations showing declining phosphorus transport rates, it seems likely that decreased streamflows which occurred widely in the latter 1970's would likely lead to downward trends in transport, especially in the West and Midwest. The effect of changing flows on transport rates is, of course, doubly important in cases where the dependence of concentration on flow is positive.
The question of what have been the causes of trends in flow-adjusted concentration is perhaps the most important one to pose, since the flow-adjustment procedure was undertaken here in an attempt to elucidate changes in the processes which deliver phosphorus to streams, whether these be related to population and land-use changes, pollution-abatement efforts, or more natural causes. 
APPENDIX A: RESULTS BY STATION
For each of the 308 stations considered in the study, averages of discharge, phosphorus concentration, and phosphorus transport are given in table A. Also listed are the Seasonal Kendall Slope estimates for concentration, transport, and flow-adjusted concentration. The slope values are given in percentage terms for ease of comparison. That is: "trend %/yr" means the slope in mg/L (tons per day) per year divided by the average value in mg/L (tons per day) and multiplied by 100. The units in all cases are percent (of average) per year. Those slopes that are statistically significant at the 10 percent level are marked with an "S" and those at the 1 percent level by an "HS" corresponding to "significant" and "highly significant."
Also shown is the square of the correlation coefficient ("r squared") obtained in the most significant regression for flow adjustment. This is also marked "significant" (S ) or "highly significant" (HS ). A positive or negative slope of the fitted flow-adjustment equation (concentration versus discharge) is indicated by a plus ( + ) or minus ( ), respectively. For a time series x,,***, * , consider each difference dij Xi Xj where l<y</<n. There are (_)=n(n l)/2 such differences. Let P be the number of positive differences and Q be the number of negative differences. Then Kendall's r (tau) is defined (Kendall, 1975) as:
n(n-l)/2 If all the differences (di} ) are positive, r = l. If all the differences are negative, T 1 . If the differences are equally divided between pluses and minuses, r=0.
In essence, r measures the correlation between the series of x,'s and time. If the series is independently distributed in time, the expected value of T is 0 and the variance of S=P-Q is n(n-\) (2/i+5)/18. The exact (discrete) distribution of r is fairly easy to calculate for small n. For large n, the ratio z=S/ \/n(n l)(2n + 5)/18 has approximately the standard normal distribution. Corrections for ties (dtj =0) and for continuity are discussed in Kendall (1975) .
Seasonal Kendall test
The test for trend used in this study is a modification of Kendall's Tau. In the Seasonal Kendall test, the only differences considered are those between observations occurring in the same month of the year. Assume there are n years of monthly observations with xtj being the (possibly missing) observation for the /th month (/ = 1,2,***,12) of the y'th year (/ = l,2,***,rt). For each month, the number of nonmissing values is nt. Note that n, <n. The number of valid comparisons for each month is m, =n, (n, 1 )/2. For each month /, compute all of the valid differences, xy xik for l<fc</<n. The number of positive differences is P, and the number of negative differences is Qt. Note that P,-+(?,-< n,<n. The sum Pi + Qt will be less than nt only when there are ties. The score (Si ) for the month is S{ =Pt Q{ and, under the null hypothesis, the expectation of 5, is 0 and the variance of the score is v, =n,(n, 1) (2n, +5)/18. For each tie of k values, v, is reduced by k (k 1 ) (2k + 5)/ 1 8. Combining the 12 months, the number of valid comparisons is 12 12 m = 2 mt, the total score is S S St and the total vari-
1=1 i-l 12
ance (under the null hypothesis) is v = 2 v, (note that the /=i covariances of the S/s are zero). Now the desired statistic is T=S /m. Due to the fact that S may take on only values two units apart, a continuity correction (Kendall, 1975) is necessary for computing Z, the standard normal deviate.
c i for 5 = 1,2,*** Z = forS=0 forS = -l,-2,***
Seasonal Kendall Slope Estimator
The Seasonal Kendall Slope Estimator (denoted B ) is defined as the median of all dijk values for all / = 1,2,***, 12 and 1< k <jB ecause it is based on the same set of differences as the Seasonal Kendall test, they may be computed concurrently. The slope estimator B has the property that if a time series^/, (/ = l,2,***,12,y = l,2,***,n) is computed Then, the slope estimate for this ytj series will be exactly zero. Furthermore, if there is no more than one zero difference ytj yik, the Seasonal Kendall test will show the ytj series to be trend free in the sense that P, = (?,-. This can be seen as follows:
1 . Let di}k = (xtj xik y(j 1 <&</</*. 
